Introduction
============

Malocclusion is abnormal variation from normal or ideal occlusion ([@B1]). This abnormality is a mainly result of perversion of normal growth and development ([@B2]). It might occurs in any of the three plan of space: anteroposterior, vertical and transverse. The deviations from normal can be presented clinically either in skeletal and/or dental form. Malocclusions of skeletal origin are more difficult to manage and to maintain, both manoeuvres become more challenging with increased skeletal discrepancy. The most common discrepancies in daily orthodontic loads are anteroposterior and vertical discrepancies ([@B3]).

Anterioposteriorly, the malocclusion presents in skeletal Class I, Class II and Class III malocclusion. Skeletal Class I is a normal sagittal relationship between maxillary and mandibular bases, although these bases might be in a normal or abnormal relation relative to the cranial base. The maxillary and mandibular relation is either exaggerated or reversed relative to normal relation in skeletal Class II and Class III, respectively ([@B4]).

Vertically, the malocclusion occurs in skeletal normodivergent, hypodivergent and hyperdivergent pattern. Skeletal normodivergent is a normal vertical relationship between maxillary and mandibular bases, although these bases might be in a normal or abnormal vertical relation relative to the cranial base. The maxillary and mandibular basal relation is either diverged or converged in skeletal hyperdivergent and hypodivergent patterns, respectively ([@B5]).

These skeletal variations from normal might be accompanied with changes in the dentoalveolar segment which is known as dentoalveolar compensation. Dentoalveolar compensation is 'a system which can attain and maintain a normal relation with varying skeletal patterns' ([@B6]). This compensation can be transversely in arch dimension to compensate for transvers skeletal discrepancy, vertically in dentoalveolar height to compensate for vertical skeletal discrepancy, and anterioposteriorly in the position and/or inclination of maxillary and mandibular incisors to compensate for anteroposterior skeletal discrepancy ([@B2]). All these compensations aim to camouflage for the skeletal disharmony to preserve the overall harmony and proportions of the dentofacial components. The factors responsible for dentoalveolar adaptation include: a normal eruptive system, surrounding soft tissue pressures and the influence by the neighbouring and opposing teeth during occlusion ([@B7]).

During orthodontic diagnosis and treatment planning, the orthodontists must measure the amount of skeletal discrepancies and the degree of dental compensation in the three plans as the treatment objective of any orthodontic cases may involve teeth movement and/or jaw movement either by growth modification or orthognathic surgery ([@B8]). In teeth movements approach, the treatment objectives are the necessary compensatory changes in tooth position relative to their basal bone ([@B9]). In jaw movement approach, the treatment objectives are to eliminate some of dentoalveolar compensation in an attempt to move the underlying skeletal bases to their normal position and relation in relation to each other and to the cranial base ([@B10],[@B11]).

There are several linear and angular measurements used to evaluate the degree of skeletal discrepancies and dentoalveolar compensation ([@B12]-[@B15]). It is evident that angular measurements are less reliable in hyperdivergent face, so it is preferred that cephalometric analysis should base on both types of measurements ([@B16]-[@B18]). There are serval studies in orthodontic literature having the same aims ([@B2],[@B9],[@B19]-[@B23]), but comprehensive evaluation in anteroposterior and vertical in both position and inclination was not addressed yet. The aim of this retrospective study is to evaluate the position and inclination of maxillary and mandibular incisors in adults with different anteroposterior and vertical skeletal malocclusions.

Material and Methods
====================

This retrospective cross-sectional study was ethically approved by the Internal Review Board, College of Dentistry, Jazan University, Saudi Arabia. Lateral cephalometric images, demographic and clinical data of all patients who attended the orthodontic clinics between September 2011 and May 2017 were reviewed. Patients were included if they fulfilled the following inclusion criteria: 1) age above 17 years old, 2) no hereditary diseases or syndromes affected the craniofacial area, 3) no history of orthodontic treatment, 4) no major surgery in the craniofacial region. All patients signed an electronic informed consent before registration in the institute database; this consent includes their approval to use any patients' data for research purposes.

The lateral cephalometry of patients fulfilled the inclusion criteria were digitally analysed. During imaging, the Frankfort horizontal was made parallel to the floor. All patients were instructed to bite in maximum intercuspation during cephalometric imaging to avoid any false vertical skeletal discrepancy.

The sample size was calculated using the G power software (Universität Düsseldorf, Düsseldorf, Germany). An alpha value of 0.05 and a power of 90% were considered. The calculation was based on a previous study conducted by Freudenthaler *et al.* ([@B3]) in which the mandibular incisors inclination to MP line was 94±10° for Class II and 82.5± 5.8° for Class III malocclusions, respectively and another study conducted by Modi *et al.* ([@B19]) in which the mandibular incisors position to NB line was 31.45±7.69mm for hyperdivergent face and 26.15 ±6.62mm for hypodivergent pattern, respectively. Power analysis indicated that 15 patients in each skeletal Class and 51 patients in each facial pattern were needed.

Two hundred seventy two patients fulfilled the selection criteria (134 males and 138 females). All patients were categorized anterioposteriorly based on angular and linear measurements; ANB angle ([@B14]) and A-B difference to Nasion vertical (mm) ([@B13]) into skeletal Class I, Class II and Class III malocclusion and vertically based on maxillo-mandibular plan angle (MMP) and Jarabak ratio (S-Go "mm": N-Me "mm") into normodivergent, hypodivergent and hyperdivergent individuals ([@B15]).

Lateral cephalometric skeletal and dentoalveolar measurements included linear and angular measurements as follows (Fig. [1](#F1){ref-type="fig"}):

Figure 1Skeletal and dentoalveolar measurements (1) SNA, (2) A-NV, (3) PP/SN, (4) SNB, (5) B-NV, (6) MP/SN, (7) ANB, (8) AB diff with NV, (9) MMP, (10) S-Go, (11) N-Me, (12) U1-NA, (13) U1/SN, (14) U1/PP, (15) L1-NB, (16) L1/MP, (15) U1-L1.

\(A\) Skeletal Measurements

1- Maxillary base:

SNA: The angle between 3 point landmarks S, N and A points, determining the anteroposterior position of the maxilla relative to the cranial base.

A-NV: The linear distance measured between point A and Nasion vertical line, measuring the anteroposterior position of the maxilla relative to the Nasion vertical line.

PP/SN: The angle between Sella-Nasion (SN) and ANS-PNS (PP), determining the vertical position of the maxillary base relative to the cranial base.

2- Mandibular base:

SNB: The angle between 3 point landmarks S, N and B points, determining the anteroposterior position of the mandible relative to the cranial base.

B-NV: The linear distance measured between point B and Nasion vertical line, determining the anteroposterior position of the mandible relative to the Nasion vertical line.

MP/SN: The angle between Sella-Nasion (SN) and Go-Me (MP), determining the vertical position of the mandibular base relative to the cranial base.

3- Skeletal Maxillo-mandibular Relation:

ANB: The angle between 3 point landmarks A, N and B points, determining the anteroposterior jaw relation.

AB Diff--NV: The linear differences between A-NV and B- NV, determining the anteroposterior jaw relation.

MMP: The angle between the palatal plan and mandibular plan, determining the vertical jaw relation.

Jarabak ratio: It is the ratio of posterior to anterior facial height, determining the vertical facial proportion.

\(B\) Dentoalveolar Measurements

1- Maxillary Incisors:

U1-NA: The linear distance between Nasion-point A line and the most protruded point in the maxillary incisors.

U1/SN: The angle between the long axis of the most protruded maxillary incisor and the Sella-Nasion (SN) line.

U1/PP: The angle between the long axis of the most protruded maxillary incisor and the ANS-PNS (PP) line.

2- Mandibular Incisors:

L1-NB: The linear distance between Nasion-point B line and the most protruded point in the mandibular incisors.

L1/MP: The angle between the long axis of the most protruded mandibular incisor and the Go-Me (MP) line.

3- Inter-incisal angle (U1/L1):

The angle between the long axes of the most protruded maxillary and mandibular incisor.

Thirteen lateral cephalometric radiographs were selected randomly and measured independently by two examiners on two occasions at 2-week intervals to assure the reliability of readings. Data were inputted and analysed using Statistical Package for the Social Sciences (SPSS) software, Version 21 (Armonk, NY: IBM Corp.) for Windows. The intra-class correlation coefficient (ICC) was applied for the reliability of measurements. Descriptive statistics, including the mean and standard deviation for each variable, were calculated and presented. Pairwise comparisons by Class of malocclusion and vertical facial height were tested using independent t-test. A *P* value of \< 0.05 was considered significant.

Results
=======

The sample comprised 272 patients; 134 were males (49.26%) and 138 were females (51.74%). Of the 272 patients included, 131 (48.16%), 83 (30.51%), and 58 (21.32%) presented as skeletal Class I, II and Class III, respectively. Of the 272 patients included, 54 (19.85%), 133 (48.89%), and 85 (31.25%) presented as hypodivergent, normodivergent and hyperdivergent pattern, respectively.

Intra- and inter-examiner reliabilities were high, with ICC values ranging between 0.825 and 0.990 for skeletal and dentoalveolar measurements. Descriptive statistics of the whole sample and each subgroup in anteroposterior and vertical skeletal and dentoalveolar measurements used in the study are presented in [Table 1](#T1){ref-type="table"} and [Table 2](#T2){ref-type="table"}, respectively.

Table 1Descriptive statistics of anterioposterior skeletal and dentoalveolar measurements used in the study.

Table 2Descriptive statistics of vertical skeletal and dentoalveolar measurements used in the study.

The whole sample is more representative to evaluate this type of correlation. Regarding anterioposterior skeletal and dentoalveolar measurements, Pearson correlation coefficients showed significant (\<0.001) negative correlation between sagittal discrepancy, ANB and maxillary incisors position (-0.676\*\*), maxillary incisors inclination (-0.426\*\*) and positive correlation with mandibular incisors position (0.461\*\*) and inclination (0.368\*\*). There was a significant positive correlation between maxillary base position (SNA) and mandibular incisors position (0.320\*\*) and inclination (0.205\*\*). The same result extend to the correlation between mandibular base position (SNB) and maxillary incisors position (0.255\*\*) and inclination (0.495\*\*). The correlations between skeletal bases and dentoalveolar parameters in each skeletal class were variant ([Table 3](#T3){ref-type="table"}).

Table 3Pearson correlation coefficients between anterioposterior skeletal relation and dentoalveolar measurements \[low correlation (˂\<.31) medium (between 0.31 and 0.67) and high correlation (\>0.7)\].

For vertical skeletal and dentoalveolar measurements, Pearson correlation coefficients showed significant (\<0.001) negative correlation between vertical discrepancy, MMP and maxillary (-0.219\*\*) and mandibular incisors inclination (-0.310\*\*), and positive correlation with mandibular incisors position (0.278\*\*). The maxillary base inclination had minimal effect on the dentoalveolar parameters. The more significant correlation was between mandibular base inclination (MP/SN) and all dentoalveolar parameters except maxillary incisors position which was the least affected by the vertical

discrepancies. Mandibular base inclination had negative correlation with maxillary (-0.194\*\*) and mandibular incisors inclination (-0.344\*\*), and positive correlation with mandibular incisors position (0.279\*\*). The correlations between vertical patterns and dentoalveolar parameters in each facial form are less variant than that for skeletal classes ([Table 4](#T4){ref-type="table"}).

Table 4Pearson correlation coefficients between vertical skeletal relation and dentoalveolar measurements \[low correlation (˂\<0.31) medium (between 0.31 and 0.67) and high correlation (˂\>0.7)\].

Discussion
==========

Dentoalveolar compensation is a natural system for camouflaging skeletal discrepancies in three planes of space ([@B6],[@B23]). During normal facial growth and development, there are two types of compensatory mechanisms, full compensatory occlusal development which enables normal relation despite some abnormalities in skeletal relationships, whereas, in contrast, insufficient compensatory guidance of tooth eruption can lead to future malocclusion ([@B24]).

Adult patients with a skeletal discrepancy can be treated with growth modification, orthodontic camouflage or orthognathic surgery, in which proper dentoalveolar compensation or decompensation is required for a successful treatment outcome ([@B25]-[@B28]). So, anterior dentoalveolar compensation is the main and the corner stone for successful orthodontic treatment either by orthodontic compensation (camouflage) or decompensation (skeletal base correction).

In this study the degree of compensation in different sagittal and vertical malocclusion were evaluated by correlation analysis. In sagittal discrepancy, there was an association between ANB (degree of anterioposterior discrepancy) and maxillary and mandibular incisors position and inclination, this association was negative with maxillary and positive with mandibular incisors. This indicated that with more increase in the overjet or sagittal discrepancy, the maxillary incisor becomes more retuded and retroclined while the mandibular incisors become more protruded and proclined to minimize the differences in basal malrelation. This was in accordance with other studies ([@B9],[@B21],[@B22]) In line with that Ceylan *et al.* ([@B23]) found positive correlation with maxillary incisor positions relative to NA line and no relation with mandibular ones. This difference mostly due the difference in sagittal measurement as they considered the overjet as a correlative item while our study based on skeletal correlative item.

Regarding the correlation between jaw bases and dentoalveolar parameters, there was a positive correlation between position of maxillary and mandibular base position with the mandibular and maxillary incisors position, respectively. This indicated that the dentoalveolar compensation is mostly affected by the discrepancy in the opposing rather than the holding jaw base. This confirms the concept of the camouflage by masking the abnormality. The correlation between the jaw base and the dentoalveolar parameters was not addressed in other studies except for Anwar and Fida ([@B2]) who correlated the chin position NP-Pog with lower incisors inclination and found unexplained results (positive correlation with L1/OP and L1/FH and no correlation with L1/SN and L1/MP).

Regarding the potential correlations between the different maxillo-mandibular vertical relationship (MMP) and the dentoalveolar parameters, the results showed no correlation with maxillary incisor position and significant negative correlation with maxillary and mandibular incisor inclinations and positive with mandibular incisors position. This indicates that with increased vertical jaw separation, both maxillary and mandibular incisors try to become more retroclined as retroclination always close the anterior open bite while proclination open the anterior deep bite. There was minimal effect of the maxillary base inclination on the dentoalveolar compensation and most of these effects were due to mandibular base inclination. This is exactly the biomechanical concept behind camouflaging anterior open or deep bite by retroclination or proclination of incisors, respectively ([@B29]).

There are several studies evaluated the dentoalveolar compensation in different vertical patterns ([@B19],[@B20],[@B30]) The correlation with maxillary and mandibular incisors position was not addressed in any previous study. For the negative correlation between maxillary and mandibular inclination with vertical patterns, Kuitert *et al.* ([@B20]) found the same findings in both short face and long face group while Modi *et al.* ([@B19]) found the same negative correlation with mandibular incisors inclination and no significant correlation with maxillary incisors inclination.

Conclusions
===========

From this cephalometric evaluation the following could be concluded:

1\. There might be an association between dentoalveolar compensation and anterioposterior and vertical jaw relation.

2\. Sagittal discrepancy has positive correlation with maxillary and mandibular incisors position and inclination.

3\. Maxillary and mandibular bases have positive correlation with position and inclination of the opposing incisors.

4\. Vertical pattern has almost negative correlation with maxillary and mandibular incisors.

5\. Mandibular base inclination affected the degree of dentoalveolar compensation more than the maxillary base did.

However, there is still an urgent need for further three dimensional rather than two dimensional researches in this regard to confirm the evidence currently in hand.

I thank Dr. Abeer Almashraqi for doing the inter-examiner measurement for the reliability analysis. Funding statement This study did not receive any external funding. Human rights statement and informed consent. All procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1964 and later versions.

[^1]: **Conflict of interest statement:**The authors report no conflicts of interest.
